Purpose Intracoronary bleaching is a minimally invasive, alternative treatment that addresses aesthetic concerns related to non-vital teeth discoloration. However, to the best of our knowledge, no studies have assessed the psychosocial impacts of such procedures on patients' aesthetic perceptions. The aim of this study was to evaluate aesthetic perceptions and the psychosocial impact of patients up to 3 months after their teeth had been bleached with hydrogen peroxide (35%) and carbamide peroxide (37%) using the walking bleach technique. Methods The patients were randomly divided into two groups according to the bleaching agent used: G1 = hydrogen peroxide 35% (n = 25) and G2 = carbamide peroxide 37% (n = 25). Non-vital bleaching was performed in four sessions. Color was objectively (ΔE) and subjectively (ΔSGU) evaluated. Aesthetic perception and psychosocial factors were evaluated before, 1 week and 1 month after the bleaching using the Oral Health Impact Profile (OHIP) and Psychosocial Impact of Dental Aesthetics Questionnaire (PIDAQ) questionnaires. Results The color change (ΔE) values at 1 month were G1 = 16.80 ± 6.07 and G2 = 14.09 ± 4.83. These values remained stable until the third month after treatment (p > 0.05). There was a decrease in the values of OHIP-aesthetics and PIDAQ after treatment versus baseline (p < 0.05). This status was maintained through the third month after treatment. Conclusions Both agents were highly effective and had a positive impact on the aesthetic perception and psychosocial impact of patients, values that also remained stable over time. Non-vital bleaching yields positive and stable impacts on aesthetic perception and psychosocial factors. ClinicalTrials.gov identifier NCT02718183.
that of the rest of the teeth [1] . Intracoronary (inside-thetooth) bleaching is a widely used and minimally invasive alternative treatment/technique to solve aesthetic non-vital (endodontically treated tooth = replacing the live tissue inside the tooth with a filling) tooth discoloration (i.e., "dark teeth") [2] . Intracoronary bleaching has been reported to have a high rate of patient satisfaction [3] . To the best of our knowledge, no studies have assessed the real impact of such procedures on the aesthetic perception of patients. However, recent studies using OHIP and OIDP have reported positive effect(s) on QoL (effect size = 0.38 [4] , 0.48 [5] and 0.27 [6] ), on patients undergoing complete denture bleaching techniques applied to vital teeth [4] [5] [6] .
The most common dental bleaching agents are hydrogen peroxide and carbamide peroxide. These agents are used in high concentrations for non-vital teeth and act as oxidizing organic pigments via the decomposition products of the chemical agent [2, 7] .
The primary objective of this study was to evaluate the psychosocial impact and aesthetic self-perception of patients undergoing non-vital tooth bleaching. This study also compared the stability of the color change obtained 3 months after the bleaching treatment, which involved either hydrogen peroxide (35%) or carbamide peroxide (37%) gels applied using the walking bleach technique. Our hypotheses were as follows: (1) There would be a positive impact on quality of life 3 months after treatment in patients who received non-vital bleaching using the walking bleach technique either with 35% hydrogen peroxide or 37% carbamide peroxide; and (2) There would be stability in the color (tone) change of non-vital bleached teeth using either 35% hydrogen peroxide or 37% carbamide peroxide 3 months after the treatment.
Methods
This randomized clinical study and its protocols were approved by the Ethics Committee of the Faculty of Dentistry, University of Chile (2016/04) and was conducted according to the Consolidated Standards of Reporting Trials Statement [8] and the Declaration of Helsinki [9] . The http://www.Clini calTr ials.gov identifier is NCT02718183.
A randomized, double-blind study (patients and evaluator) was designed, and simple method of randomization was performed using Excel 2013 software (Microsoft, Seattle, Washington, USA). Patients were recruited via flyers distributed in a dental school and via social media outlets such as Facebook and Twitter.
Sample size
The sample size was determined using GPower 3.1 [10] software with a 5% level of significance, 90% statistical power and a drop-out rate of 25% based on a previous study [11] . This study corresponds to a therapeutic equivalence type where a color variation of ΔE (Euclidean distance or color difference between baseline and follow-up) tones in the equivalence range of 7-10, based on original color, was considered to be significant. We targeted a sample size of 20. However, to compensate for the drop-out rate reported in previous studies, we included 25 patients per group.
Forty-seven patients were selected initially with at least one non-vital tooth discoloration of A2 or more according to the Vita Classical dental color shade guide (Vita Zahnfabrik, Bad Säckingen, Germany) scale. All of the subjects accepted and signed an informed consent form prior to the start of the clinical trial.
Selection criteria

Inclusion criteria
Patients over an age of 18 years who had one or more nonvital, discolored incisor with an A2 or higher value according to the Vita Classical scale. Restoration(s), if present, did not include the vestibular surface. When present, endodontic treatment had to be in good condition (adequately filled in amplitude and length and asymptomatic), the patients had to have not undergone bleaching previously.
Exclusion criteria
Patients who were pregnant or lactating, patients with cancer, patients with enamel defects (enamel hypoplasia or fluorosis) or dental staining by tetracycline or metallic pigments or amalgam derivatives. We also excluded patients in orthodontic treatment with fixed appliances, patients with periodontal disease, teeth with carious lesions or periapical pathology and/or dental resorption (external or internal).
Patients identified with any pathology were referred to the appropriate clinical treatment within the dental school.
Patients who met the study criteria and agreed to participate were randomly selected and divided into two parallel study groups according to the bleaching used: G1 = 35% hydrogen peroxide (Opalescence EndoUltradent, South Jordan, Utah, USA). G2 = 37% carbamide peroxide (Whiteness Superendo, FGM, Joinville, Santa Catarina, Brazil).
Bleaching protocol
An ambulatory technique (walking bleaching in which the bleaching gel remains in the teeth for a period of time) was used. The bleaching agent was applied in the pulp chamber (into the teeth) and the cavity was then sealed. The agent was changed/replaced every week for up to 4 weeks of treatment.
Preparation session
The root canal was prepared under absolute isolation (Rubber Dam Ash, Dentsply, Brazil, SP). The endodontic filling was removed 3 mm below the cement-enamel junction and then sealed mechanically with a resin-reinforced glass ionomer (Riva light cure, SDI, Bayswater, Victoria, Australia) with a thickness of 2 mm. The cement was then light-cured for 60 s at a distance of 1 cm using a Raddi Cal lamp (SDI, Bayswater, Australia). Radiographic control was used to confirm proper sealing of the root canal.
Four bleaching sessions
Application of the bleaching agent was performed according to the manufacturer's instructions. The gel was left in the pulp chamber (inside the tooth) with moisture. The cavity was sealed between sessions with temporary cement (Fermin, Detax, Baden-Württemberg, Germany), and the gel was replaced every 7 days. At the end of the fourth week of bleaching, the access cavity was washed with water and temporarily sealed for 7 days. Then, the cavity was restored definitively using the resin-based composite Z350 XT (3M ESPE, St. Paul, Minnesota, USA). Color measurements were made before the commencement of treatment (baseline), immediately after each of the four bleaching sessions, 1 week after treatment (pre-and post-restoration), and 1 and 3 months post-bleaching.
Color evaluation
Objective assessment
Two evaluators measured tooth color on the middle-third of the labial surface using a spectrophotometer [Vita Easyshade Compact (VITA Zahnfabrik, Bad Säckingen, Germany)]. To standardize this evaluation, a silicone matrix was made (Zetaplus, Zhermack, Rovigo, Italy) with a 6-mm-diameter window on the buccal surface that enabled the tip of the spectrophotometer to be positioned. Color change was determined using the CIELab system with the parameters L*, a*, and b*. The color difference (ΔE) with respect to baseline was calculated for every control session. ΔE was calculated using the following formula:
Oral health impact profile questionnaire (OHIP-aesthetics)
To evaluate the aesthetic perception of patients, the OHIPaesthetics questionnaire was translated and validated in Chilean Spanish [12] . The questionnaire was applied at the beginning (baseline) and after 1 week, 1 month, and 3 months. The questionnaire consisted of 14 questions whose answers were scored according to a Likert scale. The score on each question ranged from 0 to 4 (never = 0, almost never = 1, occasionally = 2, fairly often = 3, very often = 4).
The psychosocial impact of dental aesthetics questionnaire
The PIDAQ questionnaire [13, 14] contains 23 items divided into four subscales (one positive and three negative). The subscales correspond to the following dimensions: (1) selfconfidence based on dental appearance, (2) social impact, (3) psychosocial impact, and (4) aesthetic concern. Selfconfidence based on dental appearance consists of six items. The second dimension, social impact, contains eight items on the social aspects of the quality-of-life questionnaire. The third dimension, psychosocial impact, contains six items primarily related to the psychosocial impact of dental aesthetics. The fourth dimension is aesthetics and contains three items. The questionnaire is patient-filled and administered at the beginning of the session. It uses a five-point Likert scale that ranges from 0 (no impact of dental aesthetics in quality-of-life) to 4 (maximum impact of dental aesthetics in quality-of-life) for each element. The response options are as follows: not at all = 0, a little = 1, somewhat = 2, strongly = 3, and very strongly = 4. The questionnaire was also validated in Spanish and had a reliability coefficient of 0.90 as measured by Cronbach's alpha [14] . Likewise, the questionnaire was applied at the beginning (baseline) and 1 week, 1 month, and 3 months after bleaching.
Statistical analysis
After verifying the normality of the data and the homogeneity of the variance-covariance matrix, we evaluated the treatment efficacy by comparing the color variation (E), which we analyzed using the Wilcoxon test for within-group comparisons and the Mann-Whitney test for between-group comparisons. We used the MANCOVA test to measure the differences according to the color components L, a and b at 3 months using the baseline color as a covariant. The statistical analyses were performed using SPSS 23.0 (SPSS Inc., Chicago, IL, USA) with α = .05. To compare the OHIP-aesthetics and PIDAQ questionnaire scores, we used the Wilcoxon test.
Results
Forty-seven patients with 50 non-vital discolored teeth were recruited. After 3 months, 42 patients completed the treatment; these individuals constituted our cohort. A final sample of 44 non-vital teeth was obtained (Fig. 1) . The characteristics of the final sample are showed in Table 1 . All of the statistical analyses were performed with data imputation for missing outcomes [intention-to-treat (ITT)] and without data imputation (per-protocol). In all of the analyses, the same overall conclusions were obtained (data not shown), in this study it was used the ITT form.
Objective assessment of color
Statistically significant differences were identified using the Mann-Whitney test for the two groups at all times in the ΔL parameter (p ≤ 0.028) except for the control at the third month post-bleaching (ρ = 0.072). Table 2 lists the ΔE values. The efficacy was similar between the groups (ρ ≥ 0.065). Both groups exhibited high effectiveness (i.e., at least 14 units of ΔE on average the first month after bleaching). Color remained stable at the third month (Wilcoxon test; >0.05 between the first and the third month post-bleaching). Figure 2 illustrates the color 
OHIP-aesthetics
The results of an OHIP-aesthetics questionnaire are listed in Table 3 . No statistical differences were noted between the two groups (ρ ≥ 0.564). The functional limitation, physical pain, and psychological discomfort dimensions were significantly different (ρ ≤ 0.045) from the baseline values. The sum of values was also significantly different compared with the baseline (p ≤ 0.032).
PIDAQ
The PIDAQ questionnaire values, listed in Table 4 , were significantly different between the baseline measurements and the 1-week, 1-month and 3-month post-treatment controls (ρ ≤ 0.03; Wilcoxon test). The one exception was the dimension of dental self-confidence in the hydrogen peroxide group (G1) at the third month (ρ = 0.54). When we compared the 1-week and 1-month post-treatment controls, the only statistically significant difference was in the aesthetic concern (ρ ≤ 0.42). This situation was evident for both groups.
Within the first and the third month post-treatment, there was a significant difference in the dimension of psychosocial impact for the hydrogen peroxide group (G1) (p = 0.43) as 
Discussion
Tooth bleaching alters the color of dental tissues via chemical catalysis (an oxidation-reduction reaction with the darkened substrate). In other words, the whitening effect is a result of the release of reactive oxygen from the degrading bleaching chemical agent upon introduction into the pulp chamber. This randomized, double-blind clinical study provides insights into aesthetic perception and psychosocial impact of internal bleaching procedures as well as the effectiveness of intracoronary bleaching with two different bleaching agents (35% hydrogen peroxide and 37% carbamide peroxide) up to 3 months after treatment.
We found that both gels were highly effective in the technical walking bleach applications of non-vital teeth; the color achieved was stable 3-month post-treatment. The patients reported a positive effect on aesthetic perception as well as psychosocial impact. Therefore, both hypotheses were correct because both gels were effective according to the pre-determined objective measurements. There were similar positive effects on aesthetic perception and psychosocial impact 3 months later.
Bleaching non-vital teeth is a minimally invasive treatment option that provides good clinical effectiveness and color/tone stability over time [15] . The results of the current study demonstrate the stability of treatment outcomes over 3 months following the use of the two most common gels with an objective methodology and trial design.
Regarding the OHIP, a statistically significant decrease was observed in total score 3-month post-whitening compared with the baseline measurements. This decrease indicates that non-vital tooth bleaching produces a substantial improvement in self-perception of patients and a noticeable reduction in the dimensions of functional limitation, physical pain and psychological discomfort. These values decreased significantly with the treatment and provide critical biopsychosocial implications because disadvantages experienced by a person due to cosmetic dental problems may profoundly affect their self-esteem, interactions, environmental adaptations, personal relationships, job opportunities, and other fundamental aspects affecting their quality of life [16] .
Regarding functional limitation, positive effects were measured 3-month post-whitening. This finding reveals the effect of tooth whitening on functional limitation and suggests that the positive change on dental aesthetics enables patients to improve their interactions with their environment and enhance their interpersonal relationships due to this positive change [17] . The improvement in the psychological discomfort dimension was observed 1 week post-treatment and persisted throughout all of the subsequent evaluations. These improvements are consistent with the results of study from 2015 that noted improvements in the different dimensions of the aesthetic OHIP in response to tooth whitening [5] . Undoubtedly, patients perceived a positive psychological effect that was reflected in the score of this factor. They felt better with the color equalization of their teeth. Moreover, the positive psychological effect might have improved patients' perception of pain, which might have constituted a simple placebo effect because equalization of color has nothing to do with the etiopathogenesis of tooth sensitivity.
Our most important finding was the significant decrease in general score of OHIP, which was maintained for 3 months after treatment. We also noted an improvement in the aesthetic self-perception that persisted 3-month postbleaching. It would be interesting to follow this cohort of patients over time.
The PIDAQ measures three additional negative dimensions of psychosocial impact: social impact, psychological impact and aesthetic concern. Social impact aims to assess potential problems that an individual may face in social situations due to him or her having a subjectively unfavorable dental appearance. Psychological impact evaluates an individual's feelings of inferiority or unhappiness compared with others. Aesthetics concern includes data pertaining to the concern or disapproval that an individual's dental appearance generates when that individual looks in a mirror or views photographs or videos of him or herself [18] . Our results revealed a decrease in the scores of these three negative dimensions 3-month post-whitening compared with the baseline values. Therefore, intracoronal tooth whitening was able to generate a positive psychosocial effect over both the short term and the medium term. Hence, it is important to keep track of these treatments.
Comparing oneself to others can play an important role in psychosocial well-being, and feeling inferior to others can result in dysphoric states [13] . Our work has shown that there is an improvement in psychological well-being after tooth whitening and that this effect persists over time. Whitening improves patients' self-satisfaction; patients feel better and safer when they are pleased with the color of their teeth. The tools used in this study confirmed that there are positive changes in both the psychosocial well-being of patients and the self-perception of cosmetic dentistry after tooth whitening and that these effects persist over the short term.
Many studies have shown that patients consider tooth color to be a factor in determining their satisfaction with their dental appearance [1, 19] . Therefore, tooth discoloration can decrease a patient's self-fulfillment, resulting in detrimental effects to the patient's emotional state [20] . Moreover, according to the results of this study, it can be assumed that the discoloration of just one tooth can critically influence a patient's satisfaction with his or her appearance. Conversely, whitening that tooth not only influences the patient's satisfaction with his or her appearance but also positively affects their self-perception and promotes psychological well-being.
The available literature on the self-perception of aesthetics and psychosocial impact generated by tooth whitening is limited. There is more literature in the area of orthodontics [18, 20] . Therefore, more research is needed to support the findings related to self-perception and the psychosocial impact of tooth whitening. Undoubtedly, the effect of having a dark tooth in the front of one's mouth generates a larger negative impact on the life of patients than does having a dark tooth in the back of one's mouth (i.e., on the premolars or premolars). In this study, we only bleached the front teeth (incisors) because the appearance of these teeth in an important factor determining the quality of life of people. Smile and color are factors that impact the well-being of individuals [3] .
There have been little data reported regarding the "minimal important changes" (MIC) in the values of the two questionnaires. Hayran et al. [21] reported that a decrease of 3.5 points in the OHIP-14 was positively correlated with a clinical improvement in patients with Behçet's disease. In our study, there was a decrease of at least five points with respect to the baseline, which represents a larger change than that reported by Hayran et al. [21] . Thus, MIC provides interpretation guidelines for changes in scores from the patient perspective.
Concerning the variations in the PIDAQ values, there have been unfortunately no studies that have correlated these data with any actual clinical situation, unlike the case with the OHIP-14. However, considering the average values and the number of questions per assessed factor, it can be concluded that there was an improvement of at least one point for each factor. Considering that this questionnaire uses a five-point Likert scale (0-4), in terms of percentages it can be stated that the intracoronal bleaching at least had, on average, a quantitative influence of roughly 20% on the improvement in psychosocial impact.
There are several limitations associated with this study: difficult-to-control variables such as those related to clinical activity, patient drop-out, and many human-related factors. We also note the lack of negative control (patients without bleaching), which would have been useful for evaluating the questionnaires that measure psychosocial and aesthetic perception factors. Even so, we found significant differences in the analyses of quality of life, and we recommended carrying out studies with controls of parallel groups of patients that are not subjected to tooth whitening to evaluate the controlled effect on the quality of life.
In conclusion, intracoronal bleaching with either 35% hydrogen peroxide or 37% carbamide peroxide generates a positive impact on aesthetic self-perception and psychosocial impact. The color change also persists for at least 3 months.
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